Magba granitoids are made up of granites, orthogneiss, migmatites, metagabbro, mafic dykes and mylonites with respectively porphyritic, porphyroblastic, grano-lepido-porphyroblastic, and cataclastic texture. Mafic dykes and metagabbro occur as intrusives into the mylonitic and granitic rocks. Magba rocks were subjected to whole rock geochemistry analyses and results show that those rocks have the chemical composition of gabbro, monzodiorite, monzonite syenite, quartzmonzonite, granodiorite and diorite. The rocks are metaluminous, display high-K, calc-alkaline to shoshonitic affinities and plot on the field of volcanic arc granites and are formed by differentiation of I-type magma. They are largely situated within the syn-collision to within plate fields, show a subduction-to collision-related magmatism, and suggest their emplacement during the syn-to post-collisional phase of the Pan-African orogeny.
Introduction
Magba area is situated at the junction of the Cameroon Central Shear Zone (CCSZ), the Adamawa Fault (AF) and the Tibati-Banyo Fault (TBF) in Cameroon (Figure 1) . The CCSZ is a major lineament of the Pan-African orogeny of Central Africa; however, the tectonic significance of widespread Pan-African structures at a regional scale is a matter of debate [1] [2] . The divergent views include the operation of transpressive tectonics during the Pan-African orogeny in the central Cameroon. [2] have suggested an early convergence and compression (D 1 ) in the eastern Cameroon, followed by further crustal compression with peak metamorphism (D 2 ) and a late PanAfrican transpression (D 3 ).
The disposition of Magba area at the junction of shear zones is very important in understanding the CCSZ kinematic, and the emplacement conditions of these rocks. Very few geological investigations have been carried out earlier on the Magba area [3] - [5] . Hence, the current understanding on the petrography, geochemistry and tectonic evolution of the Magba area is very limited. Herewith, to fill this gap we are presenting detailed petrography and geochemistry for Magba granitoids to provide much insight in understanding the nature of these rocks, and their conditions of emplacement.
Regional Geological Setting

Regional Geology
The Precambrian basement complex of Cameroon consists of two major lithostructural units; the Congo Craton (CC) and the Central African Fold Belt (CAFB) (Figure 1 ). These rocks record the crustal evolution of the region from the Mesoarchaean to Neoproterozoic [6] [7] . The CAFB is defined by a system of NE-trending faults comprising Tchollire-Banyo Fault (TBF), Adamawa Fault (AF), Sanaga Fault (SF) and Kribi-Campo Fault (KCF). 
Geology of Magba Region
The study area forms part of the Tikary plain, morphologically a transitional zone between the high western plateau and the Adamawa plateau, with an average elevation of 810 m and covers approximately 400 km 2 area. It is characterized by two major morphological units namely the plains, made of mylonites and metagabbro and the hills, made of granites, mylonites and migmatites [5] . The hills are elongated and oriented N40-45˚E (Figure 2) , the orientation being parallel to that of the Cameroon Volcanic Line [3] [4] [23] . The rock exposures are limited and confined to slopes and hilltops in lowlands and river beds. These rocks form part of the CCSZ and consist of migmatites, orthogneiss, mylonites, metagabbros and mafic dykes. Mylonites and ganites have cross-cutting re-
Figure 2. Digital model elevation (DME) of the study area showing the alignment of hills (NE-SW).
lationships with the intrusive younger mafic dykes and quartzo-feldspahic veins while orthogneisses and migmatites are intruded by amphibolitic enclaves. Compositional banding is noticed all through the migmatites, and characterized by 1) gneissosity with good compositional layering with the intrusions of aplite and pegmatite veins; and 2) a metatexitic banding marked by vein injections sub-parallel to the gneissic foliation, the whole unit is being stretched and reinforced by quartzo-feldspatic veins. Folded amphibolitic boudins are observed in the orthogneisses and migmatites, while the faults are mostly confined to mylonites.
Methodology
Field Methods
Geological fieldwork involved mapping and sample collection. Forty samples were collected, representing various lithologies of the study area. The structural elements of each tectonic event were documented wherever possible, and their orientation (strike and dip) were measured to relate with regional deformational events that define the structure and emplacement of the granitoids.
Laboratory Methods
Representative samples chosen for whole-rock geochemical analyses from the Coorg Block are devoid of any surface alteration or weathering. The bulk samples were initially reduced in a jaw crusher, and then manually fine powdered in agate mortars to avoid any contamination.
Major oxides were analyzed using a Phillips ® MagiX PRO Model 2440 X-ray fluorescence (XRF) spectrometer provided with suitable software SUPER Q 3.0, was used for this study (Philips, Eindhoven, The Netherlands) at the CSIR-National Geophysical Research Institute, Hyderabad. The MagiX PRO is a sequential instrument with a single goniometer based measuring channel covering the complete elemental measurement range from F to U in the concentration range from 1.0 ppm to % level, determined in vacuum media. The instrument is microprocessor controlled for maximum flexibility and consists of an end window X-ray tube with an Rh anode and a maximum voltage/current of 60 kV/125mA at a maximum power level of 4 KW. Pressed pellets of the representative samples and geochemical reference materials were prepared sepa-rately and loaded into XRF for analysis. Preparation of pressed pellets involved weighing two grams of finely powdered (−200 mesh ASTM) sample/standard in collapsible aluminium cups [24] filled at the bottom with ~2.5 g of boric acid, which was later pressed under a hydraulic pressure of 25 t to obtain the pellet. International rock reference materials from the USGS, Geological Survey of Japan, Natural Resources Canada, International Working Groups (France) and National Geophysical Research Institute (India) were used to prepare calibration curves for major elements, and to check the accuracy of analytical data. Calibration graphs were obtained with the SUPER Q 3.0 analytical software issued by the instrument manufacturer and using linear regression of the net intensities versus concentrations of more than ten certified reference materials. The precision and accuracy of the analysis was ˂2% RSD for almost all the major oxides.
For trace elements including rare earth (REE) and high field strength elements (HFSE), the homogenized sample powder was dissolved in reagent grade HF: HNO 3 acid mixture in Savillex ® screw top vessels. A test portion (0.05 g) of sample was added to 25 ml Savillex Teflon pressure decomposition vessels. To each sample, 10 ml of an acid mixture (containing 7:3:2 HF-HNO 3 -HCl) was added. Subsequently, 5 ml of 1 ng/ml 103 Rh solution was added as an internal standard to each Savillex vessel. After thorough swirling, the vessels were tightly closed and kept on a hot plate at ~140˚C for 48 h. Following this, the vessels were opened and the contents were evaporated at 200˚C to near dryness with a few drops of HClO 4 to ensure complete removal of HF and HCl from the mixture. The remaining residues were dissolved by adding 10 ml of 1:1 HNO 3 and the volume was made to 250 ml with Milli Q ® de-ionized water (18 MΩ) , and the solution was stored finally in HDPE bottles. Matrix matching certified reference materials JG-2, JG-3, JB-2 from Geological Survey of Japan and G-1A, G-2 from USGS along with couple of procedural blanks were also prepared with the sample batch by adopting the same protocol described above to negate errors due to reagent and handling. In the present investigation, very clear solutions were obtained for all the samples and calibration standards. Solutions were analyzed by PerkinElmer ® Model ELAN ® DRC™ II ICP mass spectrometer (PerkinElmer, Inc., Shelton, CT, USA) at the CSIR-National Geophysical Research Institute (NGRI), Hyderabad, India. The sample introduction consisted of a standard Meinhard ® nebulizer with a cyclonic spray chamber. All quantitative measurements were performed using the instrument software (ELAN v. 3.1). This software uses knowledge-driven routines in combination with numerical calculations (quantitative analysis) to perform an automated interpretation of the spectrum of interest. Several well-known isobaric interferences are programmed and the corrections are automatically applied [25] . 103 Rh was used as an internal standard and external drift was corrected by repeated analyses of a 1:5000 solution of JG-2, JG-3 and JB-2, which were also used as calibration standards accordingly. Instrument response was corroborated relative to two independent digestions of G-1 and G-2. Precision and accuracy are better than RSD 5% for the majority of trace elements.
Results
Field Descriptions
The distribution and disposition of the different litho units of the Magba area are shown in the geological map (Figures 3(a)-(c) ). The description of major litho units, namely the Granites, orthogneisses, migmatites, metagabbro, mafic dykes and mylonites are documented here.
Granites
Depending on the grain size, granites are divided into coarse, medium and fine grained. Coarse grained granites outcrops are well exposed on the beds of Mape River and dam. They are massive and gray in color, made of feldspar phenocryst (4 cm × 2 cm) and quartz (1 cm × 0.5 cm) molded by biotite and amphibole flakes. Granites are intruded by mafic dyke oriented NE-SW (Figure 4(a) ) of about ten meters long over fifteen centimeters wide. Thin secondary quartz and epidote veins (3 to 6 meters long and up to 3 cm wide) cross-cuts the outcrop, this could be a local deformation feature.
Medium-grained granites are located on the stream bed of Mape River at the Bridge level on Magba-Bankim road and the outcrops are exposed in the slab form (400 m long and 100 m wide). These rocks are massive, and at outcrop scale display pink color due to the abundance of potassium feldspar crystals. In Magba area, these rocks are gray in color, made of plagioclase phenocrysts, occur as relics in mylonitized host rocks.
Coarse-to-medium grained granites and protomylonites shows both magmatic stage pre-full crystallization fabric (pfc) and also solid-state deformation fabric. The magmatic stage fabric is defined either by the randomly B. Ntiéche et al. oriented euhedral and subhedral feldspar phenocrysts or by an average sub-parallel alignment of the K-feldspar megacrysts in the less deformed granite. The mylonitic foliation (Sm), defined mainly by the preferential alignment of feldspar augen, ribbons of quartz, biotite and sericite streams, are subparallel to the magmatic stage deformation fabric.
817
Fine-grained granites occur as leucocratic at Mfendagnam and hololeucocratic at Mbakop (Figure 4(b) ), often cross-cut by quartzofeldspathic veins. Essential minerals are millimetric sized quartz and feldspar. In Mfendagnam, the leucocratic fine grained granites occur in the dauphin back form (Figure 4(c) ) and shark up to 1.5 m high, 8 m long and 2 m wide.
Orthogneiss
These rocks are exposed in the areas Mbakop, Nkoula, Mfendangam and Mape dam. In Mbacop, orthogneisses are confined to the slopes of the MbaKop hill and occur in the form of ball and slab (6 m long and 4 m wide). Biotite flakes, feldspar and quartz crystals are found in the dark frame. Magmatic flow is evidenced by the alignment of feldspars and quartz crystals. In Nkoula and Mfendagnam areas, the foliation is defined by alternating dark mafic and clear quartzo-feldspthic bands. Feldspar and quartz minerals are millimetric size (2 mm × 1 mm) and well aligned in preferential direction.
"σ" porphyroblasts of feldspar are common in Mfendagnam migmatites Amphibolite intrusions are seen in local scale in few outcrops (Figure 4(d) ). In Mape dam area, the foliation is defined by alternating dark bands composed of ferromagnesian minerals and clear quartzo-feldspathic bands. The biotite lamellae (1 mm × 0.5 mm) are observed in the dark bands. At places, migmatisation features are marked by the combination of granitic and gneissic components along with amphibolite intrusions.
Migmatites
Migmatitic outcrops are noticed in Mbakop, Mape dam and Chissa hill areas. In general, migmatites mark the passage of high-temperature metamorphic rocks to crustal igneous rocks. They result from the mineralogical reorganization by insitu partial melting of pre-existing rocks or granitic liquid injection in fractures.
In Mbakop area, these rocks are foliated, leucocratic and marked by a compositional banding characterized by alternating bands of gneisses and amphibolites. Later intrusions that are broadly parallel to the gneissic foliation are aplite and pegmatite veins and a metatexitic banding marked by vein injections. The migmatitic rock is also made of a light-colored mobilizate composing quartz and feldspar which could be the melt product, and of a restitic component constituting biotite, hornblende and pyroxene.The rock unit appears to be stretched and remobilised by quartzo-feldspathic components. These observations suggest that Mbakop migmatites are probable diatexites because of their heterogeneous appearance with the preponderant neosome (molten portion) in relation to paleosome (unmelted portion). The rock is also traversed by quartzo-feldspathic pegmatite vein probably Mape dam, the migmatites are foliated, melanocratic, found in association with the othogneisses, marked by the presence of large crystals of feldspar (10 cm × 6 cm) injected into the gneissic unit during the partial melting of the parent amphibolite, then molded and guided by mafic minerals during deformation. Hence these feldspar crystals have a recrystallization tail and show the sinistral sense of shear (Figure 4(e) ). Biotite occurs in the form of lamellae (1cm × 0.5 cm) and confined to the dark portion that constitutes restite. Quartz occurs as fine gains (0.8 cm × 0.6 cm) within the melanocratic frame. All these features suggest that Mape migmatites are metatexitic. The migmatites of Chissa hill area are mainly dark, melanocratic and marked by intense folding of leucosomes.
Metagabbro
In Manouri area the metagabbro outcrops are noted in 100 m long over 30 m wide area. The rock is dark green-ish in color and highly banded, having several fractures oriented in several directions and intersecting the sub vertical mylonitic foliation. The rock is traversed by quartzo-feldspathic veins of varying thickness (1 cm to 20 cm) parallel to the NE-SW banding direction. NE-SW trending prominent sub vertical stretching lineation defined by elongated feldspar grains on the foliation plane is recorded. Veins that host feldspar crystals are also molded by melted feldspar matrix. Joints (1 cm to 20 cm thickness) host molded feldspar porphyroblasts in the thin matrix of microcrystals of the same mineral. In places there is a feldspar vein system in the form of a spider web around the centimetric to decimetric block of gabbro (Figure 4(f) ). Outcrops exhibit dome and basin structures which demonstrate lateral constraints.
Mafic Dykes
The mafic dykes are exposed in Mape dam and Mfembalouh area on Magba-Mbakop road. In Mape dam area, they occur as NE-SW intrusions of 10m long and 15cm width and are associated to migmatite and orthogneiss (Figure 4(g) ). The rock is massive with aphyric texture and intrudes the granite outcrop. In Mfembalouh, these rocks are massive, oriented in NE-SW direction, occur in relatively wider extent (30 m long and 10 m wide) and is highly fractured, mainly in the NW-SE and NE-SW directions, forming a kind of grid system (Figure 4(h) ).
Mylonites
Mylonites are well distributed in the study area, along the NE and SE of Magba hill, in Manouri, Nkoula areas and Chissa hill. Depending on the extent of deformation, and subsequent retention of the parent rock (granite), the mylonites are divided into three groups: protomylonites (initial rock proportion ≥ 50%), mylonites (10% ≤ initial rock proportion ≤ 50%), and ultramylonites (initial rock proportion ≤ 10%). Protomylonites and mylonites are noticed in Magba hill, Chissa hill, Mfendagnam, and Mbakop areas while the ultramylonites are noticed in Magba and Chissa hill areas.
In Magba area, the protomylonites occur as massive slabs, with feldspars and quartz as major minerals that constitute the rock. Thin secondary veins filled with epidote and/or chlorites are noticed traversing in all directions, while at some places the quartzo-feldspathic veins are observed intersecting the mylonitic foliation. Few mafic material injections (amphibolite) of varying thickness (3 -10 cm) are traversed parallel to the foliation. Depending on cross-cutting chronology, mafic injections could be older than quartzo-feldspathic veins. In NE of Magba hill area, the mylonites have similar behavior as the earlier outcrops described, except that at local scale, magmatic quartzo-feldspathic ingestions (~0.5 m thick) are noticed containing large feldspar porphyoclasts oriented perpendicular to the mylonitic foliation. At Mfendagnam area, the rock still retains few probable protholithic structures such as aligned feldspar and quartz porhyroclasts reoriented along the mylonitic foliation. The clasts exhibit recrystallization tails of "σ" shape symptomatic of a sinistral shearing movement. The outcrop is traversed by quartz veins subparallel to the low amplitude mylonitic foliation. At Chissa hill area, the mylonites are locally traversed by quartzo-feldspathic veins those are variably folded.
Ultramylonites are well exposed at the NE and SE of Magba hill, Nkoup river bed and Chissa hill, and are distinct from other rock types of the study area due to the pronounced enrichment of chlorite. Feldspar porphyroclasts are fewer and have rounded to elliptical shape, sparsely occur in a very fine groundmass composed of quartz, feldspar and micas. Intense mylonitic foliation (Sm), defined by subparallel alignment of biotite and quartz ribbons in the matrix, give rise to subparallel dark and clear bands enriched and devoid of biotite respectively (Figure 4(i) ). Stair stepping of the feldspar porphyroclasts with their long axis at an acute angle with the mylonitic foliation, together with strike-slip sheared quartzo-feldspathic veins indicates a sinistral sense of shear movement of the rock. Ultramylonite zones display extreme grain size reduction and near absence of visible feldspar porphyroclasts and neocrystallisation of chlorite and sericite transformed the rock into foliated quartzchlorite rock or phyllonite. The different subzones comprising protomylonite, mylonite and ultramylonite within the sheared granite corresponds to the progressive increase in strain, as evident from grain size reduction, progressive disappearance of feldspar porphyroclasts and generation of sericite mica and chlorite, decrease in angle between the S-and C-planes and increasing aspect ratios of the quartz ribbons. Heterogeneous deformation greatly modified the grain size and texture of the rock within Magba shear zone.
Petrography
Five major petrographic units have been recorded on the study area. They are granite, orthogneiss, migmatites, metagabbro, mafic dykes and mylonites. Petrography and structural features of these rocks are documented on 
Granites
The granites are coarse to fine-grained and predominantly porphyritic in nature ( Figure 5 (a) and Figure 5 (b)). They are composed of quartz (28%), orthoclase (15%), plagioclase (10%), pyroxene (8%), biotite (7%), amphibole (5%), microcline (5%) and muscovite (3%) as principal minerals, while allanite (4%), sphene (2%), apatite (2%), epidote (2%) and opaques (1%) are the accessory minerals. Secondary minerals are represented by myrmekite (2%), chlorite (1%), sericite (3%) and perthite (2%). Quartz is in the form of polycrystalline ribbons of varying size having gears and grain boundary migration ( Figure 5(b) ). Quartz grains occasionally react with plagioclase to form myrmekites at the grain boundaries ( Figure 5(c) ).
Plagioclase crystals are sub-euhedral and exhibit albite twins. Some crystals underwent sericitization while orthoclase crystals underwent perthitization reactions (Figure 5(d) ). Pyroxene is in the form of sub-euhedral, moderately elongated phenocrysts. Amphibole is represented by the green hornblende, occur in the sheet form similar to the amphibole fish. It contains sphene inclusions and associated with biotites and pyroxenes. Biotites occur as elongated fine fibres, mostly transformed into chlorite. Some biotite fibres contain opaque inclusions while others are resorbed by quartz. Sphene is in the form of columnar rod or sub-rounded form with their characteristic twins.
Orthogneiss
Textures that characterize orthogneisses include porhyroblastic, granoblastic ( Figure 5(e) ) and lepidoblastic. The major minerals are quartz (30%), plagioclase (20%), orthoclase (15%), pyroxene (12%), and amphibole (12%). Chlorite (8%) is secondary mineral while sphene (2%) and epidote (1%) are accessory minerals. Quartz is more abundant in the rock and is in the form of polycrystalline ribbons composed of both porphyroblasts and microblasts. Elongated ribbons of quartz show the evidence for dynamic recrystallisation in the form of development of sub grains, their rotation and recrystallization ( Figure 5(f) ).
Quartz porphyroblasts are abundant in Mape dam orthogneiss while quartz microblasts filling the mineral interstices and cracks are observed in the orthogneisses of Mbakop area. Quartz is also present in the form of elongated fibers forming the pressure fringe around the pyrite sub rounded mineral. Plagioclase is in the form of sub-euhedral crystals generally molded by biotite and chlorite. In places plagioclase crystals present displaced grain fragment or micro fault and curved shapes while others display zoning, typical for magmatic crystallization. Biotite is in the form of flake and fibers with more or less frayed edge. Locally biotite is transformed into Note rotated plagioclase surrounded by recrystallized quartz subgrains. This rock is part of a suite that is syntectonic with a major deformation event. The shape fabric and the intracrystalline deformation features can therefore be interpreted as sub-magmatic; (f) Typical fabric of dynamically recrystallized quartz formed by sub grain rotation (SGR) recrystallization. Note also the alignment of recrystallized quartz and feldspar.
chlorite. Amphibole (green hornblende) is anhedral or sub-euhedral, flaky sometimes occurs in the form of "amphibole fish". Orthoclase is less abundant in the rock and occurs as large sub-euhedral and anhedral crystals with carlsbad twins, often display cracks filled with biotite. Pyroxenes occur in clusters in Mape dam orthogneisses, are diamond-shaped while in Mbakop orthogneisses, they occur as twinned or zoned slats (Figure 6(a) ). Sphene is very rare in Mape dam orthogneiss, but commonly seen in those of Mbakop, while acicular epidote is noticed in plagioclase porphyroblasts.
Migmatites
Migmatites exhibit grano-porphyroblastic texture. The mineralogy is quartz (40%), biotite (15%), myrmekite (2%), chlorite (8%), plagioclase (25%), apatite (4%) microcline (5%) and opaque (1%). In Mape dam, there are two generations of quartz, the first generation being exhibited as monocrystalline ribbons having gears with undulatory extinction while the second-generation quartz is the product of recrystallization and filled along the interstices between the primary minerals resulting in migmatitic foliation to the rock. Plagioclase occurs as sub- euhedral crystals with sub-rounded contours molded by recrystallized quartz crystals and biotite lamellae. Some crystals have fractures brands and kink structures due to tectonic stresses. Most of the crystals are deformed and contain pressure shadows or recrystallization tails filled by biotite or quartz (Figure 6(b) ). Biotite molds feldspar and quartz porphyroblasts giving the appearance of spider network. Some flakes are transformed into chlorite (Figure 6(c) ). Microcline is anhedral and presents slightly curved polysynthetic twins of albite and pericline forming a shimmering fine grid with low to very low relief.
Metagabbros
Metagabbros of Magba region exhibit porhyroblastic textures (Figure 6(d) ) and made of plagioclase (40%), microcline (15%), orthoclase (8%), pyroxene (5%), amphibole (4%) and biotite (2%) as primary minerals while only sericite (25%) is the secondary mineral and opaque (1%) accessory mineral. Plagioclase crystals are more abundant, are sub-euhedral and exhibit polysynthetic twinning. Though very limited, also occur as inclusions in orthoclase. Sericite occur in the form of pasty bands, developed due to sericitization of plagioclase (Figure 6(d) ). Microcline crystals sometimes contain amphibole inclusions. Orthoclase crystals are less abundant in the rock while pyroxene is in the form of elongated strips with rectangular sections. Amphiboles are very rare in the rock and occur as thin flakes. Opaque minerals are euhedral sometime with hexagonal form and disseminated in the rock.
Mafic Dykes
These rocks exhibit cataclastic textures marked by alternating layers of dark and light colored minerals. Crushed minerals are indistinguishable microscopically. Some phenocrysts that resisted crushing are visible such as amphibole (30%), orthoclase (25%), chlorite (20%), pyroxene (15%), epidote (6%), zircon (5%) and oxides (4%). Amphibole is represented by the green hornblende and occurs as clusters of curved branching flakes that are a characteristic of Magba dykes (Figure 6(e) ). Sometimes the amphiboles occur as sub-rounded to sub-euhedral crystals, as well as like "amphibole fish" shape suggesting their growth during deformation. Chlorites are the alteration products of amphiboles and they fill the interstices left by previously crystallized minerals. Pyroxenes occur as phenocrysts of uneven square or diamond-shaped. Orthoclase occurs as largely fractured anhedral phenocrysts of variable sizes, includes almond-shaped and "σ" type porphyroclasts, indicating the sinistral shear sense these rocks had undergone. Few orthoclase crystals also bear amphibole and opaque inclusions. Epidotes occur as euhedral to sub-euhedral crystals. In the matrix they are anhedral while in the veins they are particularly in euhedral form, oriented perpendicular to the walls of the vein leaving gap in the center (Figure 6(f) ). Opaques are less abundant, euhedral to sub-euhedral and are found in fractures and mineral interstices. Zircon is the least visible mineral in the rock. It is euhedral with high relief and presents sometimes a corona due to its radioactivity.
Mylonite
Strain heterogeneity within the Magba Shear Zone is evident from the development of proto-to ultramylonite zones, with granoclastic (Figure 7(a) ), ocelar mylonitic texture (Figure 7(b) ), and cataclastic textures ( Figure  7(c) ) respectively for protomylonite, mylonite and ultramylonites. Primary minerals are quartz (20 %), orthoclase (15%), plagioclase (10%), biotite (8%), amphibole (6%), microcline (5%); secondary minerals are sericite (8%), myrmekite (2%) and chlorite (10%) while zircon (2%), sphene (2%), tourmaline (1%), epidote (1%), apatite (1%), leucoxene (5%) and opaques (4%) are accessory minerals. Pyroxenes are confined to mylonites while amphiboles and microclines are observed in mylonites and ultramylonites. Protomylonites are characterized by weakly developed fabric, defined by the elongated quartz and feldspar grains. Quartz and orthoclase porphyroclasts yield to brittle failure producing fragmented grains and also to crystal plastic deformation resulting in deformation lamellae and grain refinement through recrystallization (Figure 7(d) ). Quartz phenocrysts exhibit globular and granular shapes with undulatory extinction and are scattered in the crushed recrystallized matrix while microcrysts form bands parallel to biotite ("biotite fish") layers giving the rock a curved mylonitic foliation (Figure 7(e) ). At Mbakop, some biotite flakes are folded and present curved pressure shadow (Figure 7(f) ). Some quartzofeldspathic layers are folded under S type shape indicating the sinistral sense of shear the rock had undergone (Figure 8(a) ).
Most of plagioclase and orthoclase porphyroclasts exhibit "σ" or "δ" (Figure 8(b) ), recrystallization tails and other rolling structures giving the sinistral shear sense to the rock. Highly fractured plagioclases are also present (Figure 8(c) ). Sericitization is noted only in protomylonites while myrmekitization is observed in protomylonites and mylonites. Perthitic texture marked by plagioclase band containing albite islets is also noted. Feldspar phenocrysts exhibit simple and staircase type displacements (Figure 8(d) ) and "chevron"/"kink" type deformation (Figure 8(e) ).
Amphiboles are represented by green hornblende and glaucophane. Green hornblende is sub-euhedral and occur as curved tracks associated with biotite, and also as "amphibole fish" (Figure 8(f) ), indicating their emplacement during deformation. Retrograde metamorphism marked by amphibole converting to chlorite is observed at few places. Opaques and zircon inclusions are observed in the margins of biotites, and such inclusions are identified in orthoclase also. Most biotite flakes underwent early chloritization. Leucoxene and tourmaline are euhedral and only found in ultramylonite while apatites are found in protomylonites and mylonites.
Geochemistry
Major Element
Major and trace element compositions of the analyzed samples are given in Table 2 .The rocks exhibit important variations in concentrations of major elements. They are basic to acid with low to high SiO 2 concentrations with MgO, CaO, Na 2 O, Fe 2 O 3 total, and P 2 O 5 decrease with increasing SiO 2 . However, K 2 O correlates positively with SiO 2 , which may imply that alkali feldspar persisted in the melt phase until the later stages of magmatic evolution.
Trace Elements
Within the minor and trace element suites, Cr (08.81 -451.52 ppm), Vanadium (3.25 -747.53 ppm), Cuper (0.14 -144.83) and Zn (5.54 -121.72 ppm), are dominant. Co (0.82 -59.31 ppm), Sc (0.50 -33.89 ppm) and Ni (0.73 -144.83 ppm), contents are low to moderate. Barium (60.63 to 2662.86 ppm) content in orthogneiss is higher than in other rocks ( Table 2 ). The lowest contents in Hf, Zr, and Pb are also obtained in mylonite ( Table  2) .
Samples are characterized by low to high Sr (36.40 -1361.21 ppm) and Y (1.29 -89.19 ppm) but low Yb (0.05 -6.95 ppm) concentrations ( Table 2) . They are enriched in LREE but depleted in HREE, with (La/Yb)N = 1.11 -197.67 (chondrite normalized value are after [29] . They present a flat HREE pattern and weakly negative to positive Eu anomalies (dEu = 0.14 -1.44; dEu = EuN/SQRT (SmN _ GdN)) in chondrite normalized REE diagram and variable fractionation ( Table 2) . Therefore, two distinct types of REE patterns, viz., with and without Eu negative anomaly (Figure 13 ) was observed with light rare earth elements (LREE) enrichment depicting the evolution of Magba rocks probably through fractional crystallization.
Patterns show also enrichment in Ba, K, Pb, Nd, Sm and depletion in Nb, U, La, Ce, Pr, Yb and Ti in the primitive mantle normalized spidergram (Figure 14 ; primitive mantle values were taken after [30] . The chondrite-normalized [29] patterns present also the parallel spectra for gabbro and mafic dykes samples, negative Ce Figure 9 . Classification diagram of Magba rocks after [26] . (Figure 14) . In general, rocks of Eu positive signature have more variation in the HREE and comprise pronounced positive anomalies of Pb and Zr.
The nature of these patterns suggests complex evolution of these rocks, which would have gone through multiple magmatic processes.
Discussion
Petrogenesis
The petrogenesis of magmatic suites generally depends on the tectonic regime in which the parent magmas are generated [31] . The igneous parentage for the protoliths of the Magba rocks is evident from their metaluminous nature (Figure 10 ) and their relatively low K 2 O/Na 2 O ratios ( Table 2 ). In addition, the marked expanded range in composition and in geochemical parameters presented by Magba rocks is typical of dominantly mantle-derived I-type granites, with crustal melt components (e.g. Chappell and White 1974) [32] .
The geochemical signature of the Magba granitoids and associated mafic rocks also revealed that they might derive from crustal source rock. Their characteristic depletion in Nb, P, Zr and Ti and also the low concentrations of Co, Ni and Cr is a geochemical feature of calc-alkaline granites of crustal origin. The molar ratio (A/CNK) of almost all the rocks is around 0.38 and 0.78. This ratios place all samples from the study area within the I-type granite field (Figure 10) . Partial melting experiments on crustal rocks by Roberts and Clemens (1993) [33] suggest that high-K, I-type granitic magmas can be derived from the partial melting of hydrous, calc-alkaline mafic to intermediate meta-igneous rocks in the lower crust.
The hydrous character of such magma derives from the dehydration of altered subducted oceanic lithosphere [34] . The Magba rocks also display relative depletion of Ta, which is indicative of the presence or of residual Ta bearing minerals such as rutile, amphibole, or garnet at the source during partial melting [35] - [37] ). The presence of magmatic flow and magmatic myrmekites on Magba granitoids suggest the magmatic origin of rocks rather than a remobilization of adjacent gneisses. Abundance of unaltered microclines nearby altered plagioclases and other exsolution textures indicate that these granites were also subjected to metasomatic reactions [38] . The depletion of HREEs is also suggestive of refractory garnet at the magma source [39] .
The near unity of Eu anomalies and the nearly flat HREE patterns for all the magmatic rocks ( Figure 13 ) indicate the role of plagioclase in the source residue and imply melting at shallow depths. The low to high La/Yb (˃20) and Sr/Y (˃40) ratios (Table 2) for the rocks samples further corroborates the variable depths of melting, probably as deep as the garnet stability field (for those samples with Sr/Y ˃ 40 and La/Yb ˃ 20) and as shallow as to bear the amphibole ± plagioclase as source components [40] [41] .
The evolutionary trend for the granitoids especially the linear variation in CaO, MgO, FeO, TiO 2 , and P 2 O 5 with increasing SiO 2 content reflects igneous fractionation involving feldspar, biotite, ilmenite and apatite (Figure 14) . A fractionation process including LREE-rich accessory phase is governed by monazite and apatite in granites, which have a strong affinity for the LREE. HREE depletion observed in the rocks is demonstrated by a flattened to a slightly curved chondrite normalized pattern, which could be attributed to fractionation of zircon or HREE poor source region. Partial melting of hydrated lower crustal rocks rich in residual garnet probably generated this magma.
Tectonic Setting
In the traditional tectonic discrimination diagram of [42] , the rocks of present study are confined to the field of volcanic arc granites (VAG) (Figure 15) , and are largely situated within the syn-collision to within plate fields.
Major element geochemistry of the Magba rocks reveals high-K calc-alkcaline to shoshonitic characteristic similar to granitic rocks that have been described in Pan-African belt in Cameroon, Eastern Nigeria and the bresiliano belt in Ne brasil [43] [44], indicating a subduction-to collision-related magmatism. The low to high Sr (36.14 -1361.11 ppm), Y (1.29 -89.19 ppm) contents and the low contents of Nb and Ta (0.14 -6.42) in the rocks favour a subduction-related and in some extend a collision-related continental setting. The volcanic arc setting for some samples could be attributed to the tectonic setting of protholith from which it was derived because trace element features of granitic rocks largely depend on their protholith composition [45] . Recent integrated studies on nearest lithologies to Magba rocks (Batouri granitoids) clearly indicate magma derivation in an active convergent margin setting spetialy in a subduction-related setting [46] . They suggested that the magmatic suite in the Adamawa Yade domain is a convergent margin setting.
Their high-K, calc-alkaline affinities are also consistent with granitoids formed in active continental margins [42] . These characteristics conform with the geodynamic collision model proposed by [20] for the Pan-African mobile belt in Cameroon. According to this model, the collision between the mobile belt and the northern edge of the Congo Craton resulted in crustal thickening, sub-crustal lithospheric delamination, and upwelling of the asthenosphere.
These processes would have generated excess heat, melted crustal rock at depth, and produced high-K calc-alkaline magmas. Because of the widespread occurrence of granitoids in the AYD with similar chemical features (i.e. high-K, calc-alkaline, metaluminous and, I-type affinities), [47] postulated that these granitoids may represent outcrops of a regional-scale batholith underlying the AYD. Figure 15 . Geotectonic discrimination diagram for Magba rocks after Pearce et al. (1984) , showing that the rocks were formed in a volcanic arc setting. Symbols are the same as in Figure 9 . Syn-COLG, syn-collisional granitoid; WPG, within-plate granitoid; VAG, volcanic arc granitoid; ORG, oceanic ridge granitoid.
The syn-collisionnal to late and post-collisional setting in the Magba rocks is harmonious with results of studies on granitic plutons in the Neoproterozoic fold belt of Cameroon [48] , which are inferred to be emplaced during the Pan-african D 2 event. From field and petrographic observations, the rocks show deformational features, which are consistent with their emplacement during tectonic deformation Table 1 . This suggests its emplacement during the late or post-collisional phase of the Pan-African orogeny.
Conclusions
The aim of this study was to identify the Magba lithologies and their conditions of emplacement. To achieve those objectives, petrography, and geochemistry characterization were necessary. The main results show that Magba zone is made up of granites, orthogneiss, migmatites, metagabbro, mafic dykes and mylonites with porphyritic texture for granites, porphyroblastic to grano-lepido-porphyroblastic texture for orthogneiss, and migmatites, cataclastic texture for mafic dykes and ocelar mylonitic to cataclastic texture for mylonites. Crushing to varying degrees of study area allowed the identification of protomylonites, mylonites and ultramylonites.
Magba granitoids are from magmatic origin and are subjected to metasomatic reactions. Mafic dykes and mylonites indicate firstly that the study area is a shear zone and secondly the primary magmatic intrusive origin for Magba rocks, rather than a remobilization of adjacent gneisses.
The whole rock analyses for major, minor and trace elements of Magba rocks suggest an I-type calc-alkaline magma source in a continental volcanic arc setting. Partial melting of hydrated lower crustal rocks rich in residual garnet probably generated this magma.
The Magba rocks are metaluminous, display high-K, calc-alkaline to shoshonitic affinities and are largely situated within the syn-collision to within plate fields. They show a subduction-to collision-related magmatism and suggest their emplacement during the syn-to post-collisional phase of the Pan-African orogeny.
